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1. Introduction
This paper is a corrigendum to the article [2]. After its publication an error was found in the
proof of Lemma 5.14 in [2]. To fix this error we need some modifications of the article. The main
differences between [2] and this corrigendum are
(1) modification of Definition 4.5 in [2] (Definitions 2.3 and 2.4 in this corrigendum),
(2) new introduction of Assumption 6 in this corrigendum, and
(3) modification of the proof of Lemma 5.14 in [2] (Lemma 3.1 in this corrigendum).
With these modifications, the statement of Theorem A in [2] becomes:
Theorem A. Let {Aε}ε∈Σ be a family of finitely many Poincaré boxes and let f : A ∩
f −1(A) → A be a hyperbolic system over Γ satisfying Assumptions 2 to 5. Then, one can
construct a Hubbard tree T = (T˜,DT ) from the hyperbolic system.
Fig. 1 in [2] should be replaced by Fig. 1 below. Figs. 6 to 9 and 11 in [2] should be also
modified appropriately. The statements of Theorem B and Corollary C in [2] stay the same as
before except that we must additionally assume Assumption 6 to them.
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2. Modifications of definitions
In this section we explain the item (1) presented in the previous section.
Let {Aε}ε∈Σ be a family of finitely many Poincaré boxes. Write A0 ≡ ⋃ε∈Σ Aε and A1 ≡
ι−1A (A0) ∩ f −1(A0), and let ιA, f : A1 → A0 be a hyperbolic system. Denote by m the total-
ity of pinching disks in Am and by Lm ≡ {πm(D)}D∈m the pinching locus for m = 0,1 (see
Subsections 3.2 and 3.3 of [2] for definitions).
Let p,p′ ∈ Lm and put p = πm(D) and p′ = πm(D′) for D,D′ ∈ m. We write p ≈Lm p′
if {D,D′} forms an intersecting pair of pinching disks. Remark that ≈Lm does not necessarily
form an equivalence relation in S˜m.
In this corrigendum we introduce the following
Definition 2.1. The pinching data DS for the multivalued dynamical system ι˜S , σ˜ : S˜ 1 → S˜ 0 is
the totality of the pairs {p,p′} of points in Lm ⊂ S˜m so that p ≈Lm p′.
With this notion, Definition 3.9 in [2] is modified as:
Definition 2.2. The expanding system:
ι˜S , σ˜ : S˜ 1 −→ S˜ 0
denoted by S˜ together with its pinching data DS is called the branched surface model of the
hyperbolic system ιA, f : A1 → A0 over Γ and denoted by S = (S˜,DS).
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σ : S±∞ → S±∞ for the Julia set as follows. Consider the space of bi-infinite orbits:
S˜±∞ ≡ {(s˜i )i∈Z ∈
(S˜ 1)Z: σ˜ (s˜i ) = ι˜S(s˜i+1)
}
for the multivalued dynamical system ι˜S , σ˜ : S˜ 1 → S˜ 0 as well as the shift map σ˜ : S˜±∞ → S˜±∞
on it. For s˜ = (s˜i )i∈Z, s˜′ = (s˜′i )i∈Z ∈ S˜±∞, we define s˜ ≈L±∞ s˜′ if either s˜i = s˜′i or {s˜i , s˜′i} ∈ DS
holds for each i ∈ Z. We also write s˜ ∼L±∞ s˜′ if there exist s˜ = s˜0, s˜1, . . . , s˜n = s˜′ ∈ S˜±∞ so that
s˜k ≈L±∞ s˜k+1 holds for all 0  k  n − 1. This defines an equivalence relation in S˜±∞, hence
we may consider the quotient space:
S±∞ ≡ S˜±∞/∼L±∞
as well as a continuous map σ : S±∞ → S±∞ induced from σ˜ .
Since T˜ m can be regarded as a subset of S˜m by the injection χm : T˜ m → S˜m and since the
image χm(T˜ m) contains the pinching locus in S˜m, we are allowed to define the notion of the
pinching locus in T˜ m to be (χm)−1(Lm) (see Subsection 4.1 of [2]). Then, we can transfer the
notion ≈Lm in S˜m to T˜ m which we denote by ≈Lm again. Remark that ≈Lm does not necessarily
form an equivalence relation in T˜ m.
In this corrigendum we introduce the following
Definition 2.3. The pinching data DT for the multivalued dynamical system ι˜T , τ˜ : T˜ 1 → T˜ 0 is
the totality of the pairs {p,p′} of points in Lm ⊂ T˜ m so that p ≈Lm p′.
With this notion, Definition 4.5 in [2] is modified as
Definition 2.4. The expanding system:
ι˜T , τ˜ : T˜ 1 −→ T˜ 0
denoted by T˜ together with its pinching data DT is called the Hubbard tree of the hyperbolic
system ιA, f : A1 → A0 over Γ and denoted by T = (T˜,DT ).
From a Hubbard tree T = (T˜,DT ) one can construct a topological model τ : T ±∞ → T ±∞
for the Julia set as follows. Consider the space of bi-infinite orbits:
T˜ ±∞ ≡ {(t˜i )i∈Z ∈
(T˜ 1)Z: τ˜ (t˜i ) = ι˜T (t˜i+1)
}
for the multivalued dynamical system ι˜T , τ˜ : T˜ 1 → T˜ 0 as well as the shift map τ˜ : T˜ ±∞ → T˜ ±∞
on it. For t˜ = (t˜i )i∈Z, t˜ ′ = (t˜ ′i )i∈Z ∈ T˜ ±∞, we define t˜ ≈L±∞ t˜ ′ if either t˜i = t˜ ′i or {t˜i , t˜ ′i } ∈ DT
holds for each i ∈ Z. We also write t˜ ∼L±∞ t˜ ′ if there exist t˜ = t˜ 0, t˜1, . . . , t˜n = t˜ ′ ∈ T˜ ±∞ so that
t˜ k ≈L±∞ t˜ k+1 holds for all 0  k  n − 1. This defines an equivalence relation in T˜ ±∞, hence
we may consider the quotient space:
T ±∞ ≡ T˜ ±∞/∼L±∞
as well as a continuous map τ : T ±∞ → T ±∞ induced from τ˜ .
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associated quotient spaces as
T m ≡ T˜ m/≈Lm .
Let prT : T˜ m → T m be the natural projection with respect to the equivalence relation ≈Lm . It is
then easy to see that the maps ιT ≡ prT ◦ ι˜T ◦ pr−1T and τ ≡ prT ◦ τ˜ ◦ pr−1T are well-defined. We
hence get a multivalued dynamical system:
ιT , τ : T 1 −→ T 0.
One can easily see that its bi-infinite orbit space coincides with T ±∞. This applies to the case of
small perturbation of expanding polynomials in one variable, hence our formulation recovers the
theory in one-dimension.
3. Proof of Lemma 5.14 in [2]
In this section we give a proof of Lemma 5.14 in [2]. To do this, one more assumption is
necessary, which is the item (2) in Introduction.
Assumption 6 (Connectivity). For any intersecting pair of pinching disks {D,D′} in A˜0, the
intersection prA(D) ∩ prA(D′) is connected.
This together with the crossed mapping condition implies that for any intersecting pair of
pinching disks {D,D′} in A˜1, the intersection prA(D) ∩ prA(D′) is connected.
Under this assumption the proof of Lemma 5.14 in [2] is modified as follows, which is the
item (3) in Introduction.
Lemma 3.1. The orbit PrA((z˜i )i∈Z) ∈ A±∞ does not depend on the choice of (s˜i )i∈Z ∈ S˜±∞
with PrS((s˜i )i∈Z) = (si)i∈Z.
Proof. Let us take two orbits s˜ = (s˜i )i∈Z, s˜′ = (s˜′i )i∈Z ∈ S˜±∞ so that s˜ ∼L±∞ s˜′ holds. Then,
there exist s˜ = s˜0, s˜1, . . . , s˜n = s˜′ ∈ S˜±∞ so that s˜k ≈L±∞ s˜k+1 holds for all 0 k  n − 1.
The pair ((prA ◦χ1(s˜i ))i∈Z, (prA ◦ α˜i)i∈Z) becomes a homotopy pseudo-orbit for a sequence
of hyperbolic systems:




in the sense of [2, Definition 5.5] for some εk ∈ Σ . We remark that another corresponding pair
((prA ◦ χ1(s˜′i ))i∈Z, (prA ◦ α˜′i )i∈Z) is not necessarily a homotopy pseudo-orbit for the same se-
quence of hyperbolic systems above, but is a homotopy pseudo-orbit for a (possibly different)
sequence of hyperbolic systems:
(Aε′k




Let (zi)i∈Z (resp. (z′i )i∈Z) be the unique shadowing orbit homotopic to the homotopy pseudo-
orbit ((prA ◦ χ1(s˜i ))i∈Z, (prA ◦ α˜i)i∈Z) (resp. ((prA ◦ χ1(s˜′))i∈Z, (prA ◦ α˜′)i∈Z)) given byi i
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[2, Theorem 5.7]. To prove this lemma, it is sufficient to show (zi)i∈Z = (z′i )i∈Z when s˜ ≈L±∞ s˜′
is assumed.
So suppose that s˜ ≈L±∞ s˜′ holds. Then, either s˜i = s˜′i or s˜i ≈L1 s˜′i is satisfied for i ∈ Z. Let
Di (resp. D′i ) be the straight vertical disk in A˜1 so that s˜i = π1(Di) (resp. s˜′i = π1(D′i )). Since
prA(Di) ∩ prA(D′i ) = ∅ holds and is also connected thanks to Assumption 6, we may choose
wi ∈ prA(Di) ∩ prA(D′i ) and a path αi in ι(prA(Di)) ∩ ι(prA(D′i )) for i ∈ Z so that the pair
((wi)i∈Z, (αi)i∈Z) becomes a homotopy pseudo-orbit for both the two sequences of hyperbolic
systems. Let (z′′i )i∈Z be its unique shadowing orbit given by [2, Theorem 5.7]. Note that this
shadowing orbit does not depend on the choice of a sequence of hyperbolic system. One can
take a path βi in prA(Di) connecting prA ◦ χ1(s˜i ) to wi . Since ι(prA(Di)) is simply connected,
the two homotopy pseudo-orbits ((prA ◦ χ1(s˜i ))i∈Z, (prA ◦ α˜i)i∈Z) and ((wi)i∈Z, (αi)i∈Z) are
homotopic. It then follows that (zi)i∈Z = (z′′i )i∈Z by [2, Proposition 5.8]. Similarly we have
(z′i )i∈Z = (z′′i )i∈Z, hence (zi)i∈Z = (z′i )i∈Z. This shows that the orbit (prA(z˜i ))i∈Z is independent
of the choice of (s˜i )i∈Z. 
4. Examples of Hubbard trees
In this last section we present two examples of the Hubbard trees based on new Definition 2.4.
In [1] we found the first example of a complex cubic Hénon map which is hyperbolic on its
Julia set but non-planar, i.e. not topologically conjugate on its Julia set to a small perturbation of
any expanding polynomial in one variable. Fig. 1 of this corrigendum is the Hubbard tree for this
non-planar map. The arrows represent the transitions between loops by the map τ˜ . Recall that
the dots in T˜ m in the figure represent the points in Lm. The pinching data DT is given by
{{q0, q1}, {q0, q2}, {q0, q3}}
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{{p110,p11}, {p210,p12}, {p120,p21}, {p220,p22}, {p130,p31},
{p230,p32}, {p310,p03}, {p320,p03}, {p330,p03}
}
for m = 1. One can then apply Theorems A and B, and it follows from Corollary C that the cubic
Hénon map f :Jf → Jf is topologically conjugate to τ : T ±∞ → T ±∞.
The next example is a hyperbolic system as a combinatorial model for a Hénon map exhibit-
ing a connected Julia set which has been proposed in [1]. It appears to arise for the quadratic
Hénon map f : (x, y) → (x2 − 1.325 + 0.2y, x). Fig. 2 above represents the Hubbard tree of this
hyperbolic system which replaces Fig. 11 of [2]. For this example one can apply Theorems A
and B. However, we do not know if A±∞ is hyperbolic for f and A ⊃ Jf , hence we do not know
if one can apply Corollary C.
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